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HYBRID VACUUM SYSTEM FOR FUEL
DEOXYGENATION

BACKGROUND OF THE INVENTION

This ivention relates to a vacuum system for a fuel stabi-
lization unit (FSU) for a gas turbine engine. More particu-
larly, this invention relates to a system for generating a
vacuum utilized in removing dissolved oxygen from a fuel
stream. 10

A Tuel stabilization unit (FSU) reduces the amount of oxy-
gen dissolved within fuel for a gas turbine engine to increase
the maximum allowable temperature of the fuel. One method
of removing dissolved oxygen from fuels 1s by using a semi-
permeable membrane de-oxygenator. In a membrane de-oxy- 15
genator, fuel 1s pumped over an oxygen permeable mem-
brane. As the fuel passes over the membrane, a partial oxygen
pressure differential across the membrane promotes the trans-
port of oxygen out of the fuel through the membrane.

A vacuum 1s one means of generating the required partial 20
oxygen pressure differential. Typically, multi-stage vacuums
are created using vacuum pumps. Each vacuum pump 1s sized
based on the volume of waste tlow that passes through the
vacuum pump. The volume of waste flow 1s dependant on the
amount of de-oxygenation required for the system. As the size 25
of vacuum pumps increase so does the cost and overall
weight. As can be appreciated, space aboard an aircrait 1s
limited and any increase in device size affects overall con-
figuration and operation.

An apparatus and method for creating a vacuum 1n a fuel 30
stabilization unit providing decreased cost and weight 1s
needed.

SUMMARY OF THE INVENTION

35
An example fuel stabilization unit (FSU) includes multiple

chambers with different vacuum pressures for removing oxy-
gen from a fuel stream and separate vacuum outlets from each
of the chambers.

An example FSU for removing dissolved oxygen from fuel 49
includes a first vacuum stage where oxygen 1s removed from
the fuel through an oxygen permeable membrane as aresult of
vacuum pressure. The vacuum pressure within the first
vacuum stage 1s created by an ejector. The discharge includ-
ing the dissolved oxygen exits the first vacuum stage and 45
flows through a first vacuum line to the ejector.

The fuel flows to a second vacuum stage where additional
oxygen 1s removed from the fuel as a result of a vacuum
pressure lower than that in the first vacuum stage. The ejector
and a vacuum pump create vacuum pressure within the sec- sg
ond vacuum stage. The vacuum stream Ifrom the second
vacuum stage exits the FSU through a second vacuum line
and tlows through the vacuum pump then through the ejector.

The ejector creates a first vacuum for the first vacuum stage
and the second vacuum stage. The vacuum pump assists the 55
ejector for the second vacuum stage only, to create a second
vacuum. The discharge from the second vacuum stage 1s all
that passes through the vacuum pump reducing the volume
flow through the vacuum pump.

These and other features of the present invention can be 60
best understood from the following specification and draw-
ings, the following of which 1s a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

63
FIG. 1 shows an example fuel delivery system for a gas
turbine engine.

2

FIG. 2 1s a schematic illustration of an example fuel stabi-
lization unit.

FIG. 3 1s another example fuel delivery system for a gas
turbine engine.

(L]
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DETAILED DESCRIPTION OF THE PR.
EMBODIMENT

A Tuel delivery system 10 1s shown schematically in FIG. 1.
The system 10 1s preferably for use 1in delivering fuel to a gas
turbine engine 12. Fuel from a fuel supply 14 tlows through a
fuel path 16 to a fuel stabilization unit (FSU) 18 for de-
oxygentating the fuel. The fuel continues to flow through the

tuel path 16 exiting the FSU 18 and 1s discharged from fuel
nozzles 20 into the engine 12.

The FSU 18 removes oxygen and other constituents (such
as nitrogen and light hydrocarbons) from the fuel. Within the
FSU 18 the fuel flow path 16 passes a first vacuum stage 22.
A vacuum pressure within the first vacuum stage 22 1s pref-
erably created by an ejector 24. A vacuum stream from the
first vacuum stage 22 includes the discharge from the fuel as
a result of the deoxygenating process. The vacuum stream
exits the FSU 18 and flows through a first vacuum line 26 to
the ejector 24 that 1s creating the vacuum. The vacuum stream
from the ejector 24 then flows 1nto a sink 28 or other disposal
device. The ejector 24 includes a high pressure air source 30
that generates the vacuum within the first vacuum line 26
thereby creating the vacuum at the first vacuum stage 22.

Ejectors 24 are simple and eflicient mechamisms for creat-
ing vacuum pressure. The ejector 24 creates a vacuum by
means of the Ventun effect within the first vacuum line 26
with the higher pressure air supply 30. However, ¢jectors
cannot achieve the vacuum pressures required to de-oxygen-
ate the fuel to the desired level. Thus, a second vacuum stage
32 1s required.

Referring to the example of FIG. 1, the fuel within the fuel
path 16 continues through the FSU 18 to the second vacuum
stage 32. The ejector 24 and a vacuum pump 34 create the
vacuum pressure within the second vacuum stage 32. Addi-
tional oxygen and other constituents (typically nitrogen and
light hydrocarbons) are removed from the fuel. The fuel then
ex1ts the FSU 18 and continues through the fuel path 16 to the
fuel nozzles 20 and to the engine 12. The vacuum stream from
the second vacuum stage 32 exits the FSU 18 through a
second vacuum line 36. The vacuum stream in the second
vacuum line 36 tlows through the vacuum pump 34 used to
create the second vacuum stage 32. The vacuum stream from
the second vacuum stage 32 then flows through the ¢jector 24

and joins with the vacuum stream from the first vacuum stage
22.

The ejector 24 creates a first vacuum pressure for the first
vacuum stage 22 and the second vacuum stage 32. The
vacuum pump 34 assists the ejector for the second vacuum
stage 32 only, to create a second vacuum, which 1s a lower
pressure than that of the first vacuum, 1.e. the pressure in the
second vacuum line 36 1s lower than the pressure in the first
vacuum line 26. The vacuum stream from the second vacuum
stage 32 1s all that passes through the vacuum pump 34. Due
to the reduced volume tlow through the vacuum pump 34 a
lower pump capacity 1s suificient than one required to handle
the volume flow of the entire vacuum stream.

If either the ejector 24 or the vacuum pump 34 1s not
working the fuel system 10 will still operate to remove oxy-
gen from the fuel through the operating ejector 24 or vacuum
pump 34. Although the overall efficiency of the system in
de-oxygenating the fuel will be diminished 1s oxygen levels
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will still be reduced an appreciable amount. This, 1s not the
desired operating mode of the system, but can be used as a
back up mode.

FIG. 2 schematically 1llustrates the example FSU 18. Fuel,
indicated by arrow F, flows within the fuel path 16 through a
tuel inlet 38 1nto the first vacuum stage 22. Dissolved oxygen
and other contaminants are removed through an oxygen per-
meable membrane 40 into a first vacuum chamber 42 as a
result of vacuum pressure created within the first vacuum
chamber 42. The vacuum creates a partial oxygen pressure
differential across the oxygen permeable membrane 40. Dis-
solved oxygen, within the fuel 1n the fuel path 16, migrates
through the oxygen permeable membrane 40 as a result of the
partial pressure differential. The oxygen permeable mem-
brane 40 permits oxygen, nitrogen and some light hydrocar-
bons, to permeate through the oxygen permeable membrane
40 1nto the vacuum chamber 42. The heavier fuel molecules
cannot pass through the oxygen permeable membrane 40 and
continue to flow within the fuel path 16. The fuel within the
tuel path 16 flows out of the first vacuum stage 22 to a second
vacuum stage 32. More of the dissolved oxygen 1s removed
through an oxygen permeable membrane 44 into a second
vacuum chamber 46 as a result of vacuum pressure created
within the second vacuum chamber 46. The fuel within the
tuel path 16 flows out of the second vacuum stage 32 and the
FSU 18 through a fuel outlet 48 and continues through the
system toward the engine 12.

The vacuum stream, indicated with arrow V1 within the
first vacuum chamber 42 tflows out through the first vacuum
outlet 50 into the first vacuum line 26 toward the ejector 24
(shown 1n FIG. 1). The vacuum stream within the second
vacuum chamber 46 flows out through the second vacuum
outlet 52 into the second vacuum line 36 toward the vacuum
pump 34 (shown in FIG. 1) and then on to the ¢jector 24. The
vacuum stream V2 leaving the second vacuum chamber 46
has a separate path from the vacuum stream from the first
vacuum chamber 42. Only the vacuum stream from the sec-
ond vacuum chamber 46 passes through the vacuum pump 34.

FI1G. 3 1s a schematic view illustrating another example fuel
delivery system 100. The system 100 1s preferably for use 1n
delivering fuel to a gas turbine engine 102. Fuel from a tuel
supply 104 tflows through a fuel path 106 to a fuel stabilization
unit (FSU) 108 for de-oxygenating the fuel. The fuel contin-
ues to flow through the fuel path 106 exiting the FSU 108 and
1s discharged from fuel nozzles 110 1nto the engine 102.

Within the FSU 108 the fuel flow path 106 passes a first
vacuum stage 112. A vacuum pressure within the first vacuum
stage 112 1s preferably created by an ejector 114. The vacuum
stream 115 from the first vacuum stage 112 exits the FSU 108
and tlows through a first vacuum line 116 to the ejector 114
that s creating the vacuum. The first vacuum stream 113 from
the ejector 114 then flows 1nto a sink 118 or other disposal
device where oxygen 1s stored or vented overboard.

The tuel within the fuel path 106 continues through the
FSU 108 to the second vacuum stage 122. A vacuum pump
124 creates the vacuum pressure within the second vacuum
stage 122. Additional oxygen and contaminants are removed
from the fuel. The fuel then exits the FSU 108 and continues
through the fuel path 106 to the fuel nozzles 110 and to the
engine 102. The second vacuum stream 125 from the second
vacuum stage 122 exits the FSU 108 through a second
vacuum line 126. The second vacuum stream 125 in the
second vacuum line 126 tlows through the vacuum pump 124
to the sink 118.

The ejector 114 creates a first vacuum pressure for the first
vacuum stage 112 and the vacuum pump 124 creates a second
vacuum pressure for the second vacuum stage 122. Only the
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second vacuum stream 125 from the second vacuum stage
122 flows through the vacuum pump 124. Thus, the vacuum
pump 124 has a capacity for the volume flow from the second
vacuum stage 122 only.

Although the disclosed examples discuss an ejector to cre-
ate a {irst vacuum and a vacuum pump to create a second
vacuum other components may be utilized to create the vacu-
ums. As 1s clear from the several embodiments, the “compo-
nent” which forms the first vacuum 1s different than the “com-
ponent” which forms the second vacuum.

Although a preferred embodiment of this mnvention has
been disclosed, a worker of ordinary skill in this art would
recognize that certain modifications would come within the
scope of this invention. For that reason, the following claims
should be studied to determine the true scope and content of
this 1nvention.

What 1s claimed 1s:

1. A fuel stabilization umit comprising:

a first vacuum stage for generating a {irst oxygen partial
pressure differential across an oxygen permeable mem-
brane;

a second vacuum stage for generating a second oxygen
partial pressure differential across the oxygen perme-
able membrane;

said first vacuum stage comprising a first component, and
said second vacuum stage comprising a second compo-
nent, with said first and second components being dii-
ferent types of vacuum-creating components;

a fuel passage defined through the first vacuum stage and
the second vacuum stage;

a {irst vacuum outlet connected to the first vacuum stage to
remove oxygen from the first vacuum stage;

a second vacuum outlet connected to the second vacuum
stage to remove oxygen from the second vacuum stage,
wherein the first vacuum outlet and the second vacuum
outlet are separate;

the second oxygen partial pressure differential 1s greater
than the first oxygen partial pressure difierential;

the first vacuum stage and the second vacuum stage are
separated from each other within the tuel stabilization
unit; and

said oxygen permeable membrane permits permeation of
oxygen and nitrogen, but does not permit permeation of
heavier fuel molecules.

2. The fuel stabilization unit of claim 1, wherein the first
vacuum stage comprises an ejector for generating a desired
vacuum pressure for producing the first oxygen partial pres-
sure differential.

3. The fuel stabilization unit of claim 2, wherein the second
vacuum stage comprises a vacuum pump for generating a
desired vacuum pressure for producing the second oxygen
partial pressure differential.

4. The fuel stabilization unit of claim 2, wherein the second
vacuum stage comprises the ¢jector and a vacuum pump for
generating a desired vacuum pressure for producing the sec-
ond oxygen partial pressure differential.

5. A fuel deoxygenation system for a gas turbine engine
comprising:

a first component for generating a first vacuum pressure at

a first vacuum stage;

a first vacuum outlet connected to the first vacuum stage;

a second component for generating a second vacuum pres-
sure at a second vacuum stage;

said first vacuum stage comprising a first component, and
said second vacuum stage comprising a second compo-
nent, with said first and second components being dif-
ferent types of vacuum-creating components;
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a second vacuum outlet connected to the second vacuum
stage, wherein the second vacuum outlet 1s separate

from the first vacuum outlet;

a fuel passage defined through the first vacuum stage and
the second vacuum stage;

the first vacuum stage and the second vacuum stage are
separated from each other within a fuel stabilization
unit; and

the fuel passage passing through an oxygen permeable
membrane, said oxygen permeable membrane permits

permeation of oxygen and nitrogen, but does not permait
permeation of heavier fuel molecules.

6. The fuel system of claim 35, wherein the first component
comprises an ejector.

7. The tuel system of claim 6, wherein the second compo-
nent comprises a vacuum pump.

5

10

15

6

8. The tuel system of claim 7, wherein first vacuum outlet
1s connected to the ejector and the second vacuum outlet 1s
connected to the vacuum pump.

9. The fuel system of claim 6, wherein the second compo-
nent comprises the ejector and a vacuum pump.

10. The fuel system of claim 9, wherein the first vacuum
outlet 1s connected to the ¢jector and the second vacuum
outlet 1s connected to the ejector and the vacuum pump.

11. The fuel stabilization unit of claim 1, wherein an inlet
to the fuel passage being connected to a fuel supply, and an
outlet of the fuel passage, downstream of the second vacuum
stage, being connected to a fuel injector.

12. The fuel system of claim 5, wherein an inlet to the fuel
passage being connected to a fuel supply, and an outlet of the
tuel passage, downstream ol the second vacuum stage, being
connected to a fuel 1njector.
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